Schweizerische Eidgenossenschaft Federal Department of Home Affairs FDHA

Confédération suisse Federal Office of Meteorology and Climatology Mete  oSwiss
Confederazione Svizzera

Confederaziun svizra

Swiss Confederation

ications on heterogeneous
architectures

w@ﬂwc‘qﬁ:}u{;@ dhebbdhds  dhdbdbdh
%%%%%ﬂ $  dhdpd jw% S b ﬂ#
: e dpip

s by

el MJL_L L \rU__CH Ldbdh  dhdbdhdhdhdhdhdhdhdhdhdh E Ldhdhdh ¥ Lﬁfr 1, .;, T ruw dbdh bk dhdbdk Lu.r". dhdh b dbdbdhdhdh
PRPPRARA ARG fﬁ‘?iﬂﬂﬂ# ; APAPRPAAqA AP }JU'{##]J{—%%E&%JW '{h {‘{P{:%ﬁ}ﬂ‘{“#ﬁb ﬁ}{Ffetth PP AP APaPEP AP RP R R GPYP AP RPaP ARG
J'.ul.ul.,ﬂurut w; s fh. “3 r,L n 5 ', Ll dhdbdbdbdke bbb T dhdbdhdhdhdl n, L b dhdh b &b db db dh dh b dhdhdhdb

&4 .n, L
qRgpePeR  gh gpap

%#w%%v%%E%%ﬂ%%u%%%%

AL Ay L L L L L L I g4 I
s s s b b bl I

T#fé fhdbds b dhdb %#¢%¢&%ﬁ#%ﬁ%#

&b dhdbdbdhdh

L L

“\J—,u\\fl,“,r\ Ldbdhdh dhdhdbdbdbdbdhdh JA_L bbb dhdhdbdbdhdhdhdhd > b bl dh dpdbdbdpdh dhdhdhdbdhdhd Lmlmunul j,
1 g a L L g i i, o U o , L U (U L o oy
P aPaPaPeaRaRepRg \‘15??%}##}3#@#@%“ R ; ha. PR APOPAPRRaR o ~#w“rl‘1}'1hdr#m‘r qrep

jﬂﬂ‘!{bi ﬂ]ﬂvﬁklm Plﬂ]'?ﬂ!’{bf*{e{ﬂ”

c Thapor

&b
LEREEEEET P

2 4l o o s ol o e o

{F‘Jk{rat,vrﬂj{,ﬁqﬂa P qPaPRP  gPe #}"3*% '4]3 ﬂ:ﬁ

PHPEFAR AR P

L Jy L
qp L]

$N4H%%£H%E'

1P P P 9P 6P AP 5P
qRqpePqRqraRqReRapaRg
.3‘1}—' ﬁb”ﬂ%#ﬁa?#ﬂﬂ{:abaﬁa:a’

cﬂﬂﬂﬂ#{b P

hP%r:JEF‘E\rE\F‘Ef v":“ﬂ

”Fn"éﬁb#c’bﬁ‘.ﬂ < b dbdb b o bl Dl D '%‘.ﬂa}‘arwﬂﬂﬁb{}ﬂﬁ‘ﬁ“#ir##ﬁ*#‘.Jw.ﬂ
4 R A A AT AN AS . 5 h el 4o dp b dhehd] T > el i dp e
dhdhdh el ;”L_‘{;, b dhdhdhdhdh b dh hepdh dacbdachdbdhepdad dhdbdhdbdbe ;}wq;\:F{b{:ﬂ{h{ﬂ{:{‘;—mﬂaﬁcwrrhﬂ e :r,}{}w-{g: e
-%%u%#%%ﬁ s e : bbb dhdhdh dhdhdhdhdh] %@ﬁ%%mﬂ% 4=
£ b bbb 4o {# YN AN dhdhdhds
L dhdh dhdhdbdbdh dh ok { q;,{”ﬁ dhdbdhdh dhdh dhdhdhdhdbdhdhdhd »4Rdpdpdbdhdpdpdbdpdpdpdpdbab b dpqpapdadhdhe] dhdhdhdbdbe

{‘FCﬂ'{Fff}'fL‘Jﬂﬂ—rf}w'{H} P P R AP AR AP AP AR AP AP AR f}:"‘{F;{ﬁ}#Gﬂ*”m#}'d}ﬂﬂ}r“ﬂiﬂﬂuﬁ: P aRAPaRaP AP SRR AP R ‘{Ptﬂﬂﬂfﬂmﬂfﬂ #}J{afﬁﬁ#*{f{}ﬂaﬂﬂ#:iﬁ{bfw{#% PP AP PR



Why using the COSMO -GPU version

 Developments from the COSMO priority project POMPA

e COSMO is 3x faster on GPUs
» Easier to get allocation time on large heterogenous systems (e.g. Piz Daint)

 Even on CPU-only system the new version is faster (using the c++ dycore)

» Possibility to run in single precision

Piz Dalnt at CSCS, SWltzerIand fastest machine in Europe is GPU based
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4 Applications of POMPA project developments

 MeteoSwiss operational forecast system

« COSMO CALMO project

« COSMO LEPs

« European-scale multi-year convection-resolving climate simulations
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Operational Forecast MeteoSwiss

e COSMO-1 (1 km high resolution) and COSMO-E (ensemble)
 Running on GPU, in single (Forecast) and double precision (Analysis)
 About 4x was gained by acquiring a GPU system (Piz Kesch)

ECMWF-Model

9 to 18 km gridspacing
2 to 4 x per day
Provide boundary condition

1.1 km gridspacing ﬁ a3 2.2 km gridspacing
8 x per day - 2 X per day
1 to 2 d forecast ' 5 d forecast
_F:_ 21 members
(Since April 2016)
L | (Operational ince Mai
2016)
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Benefit of the higher resolution

(18 days: 9. — 27.7.2006)

Altdorf (Reuss valley)

Wind speed [m/s]
B

(=3}
T

Y T T T T T T T T T T T T T T

ALT

COSMO-1
measuremen

COSMO-2

6 12 18
Time [UTC]

MeteoSwiss = = -

T 1 P57 Ar
Lo, JdhLdhdy o L L L n
1, 5, T BT B

T w
L Vg Y e S Sl Do ey U o SRS 1 0, oot DY G, K. | A covr) I  FIR . =
i I o GRSy A A ar 2T, 1 u u 5

24

Lodrino (Leventina)

LOR

F= =1
)

Wind speed [m/s]

M

measurement

COSMO-1

COSMO-2

0
0

PR {f J

SRS T, S 1
apapar L

6 12 18
Time [UTC]‘

_ xavier.lapillonne@meteoswiss.ch =

e &b b
i, S ] [ S o

24

i
qp



op -1 b C C e £} on -] 1
ir U S 1 v U s 1 u i
L JYy JLJdL, gL 0L JLdLdh dL 4y a4 o Jy o n
b wp chdb dpdbh  dpdhgh  dheb fh  dh o gb gh g gp dp dh ap
L L n Lo L, L n dhdhdy  Jhdy L JhdL gy 1
o ) qpopar qpapePaE  GpeP  gPgpan qegp L obe dhoh  ob

U  Benefit of ensemble for warnings

Example: Landslide affecting railway in the Alps, 13. 8. 2014

COSMO-E PROBABILITY_FORECAST
Probability 1h Sum of Total Precipitation > 5mm

Wed 13 Aug 2014 00UTC
12.08.2014 OOUTC +24h

© MeteoSwiss g

Probabilistic rain forecast
1h Sum > 5mm from COSMO-E

 MeteoSwiss -~ -

Model warning suggestions for 24h accumulated rain

Date:2014-08-13

none

Level 2
Level 3
Level 4
Level 5

EROD0OO

Automatic warning proposals
derived from COSMO-E

P ¥ A

R

E

n nooy o aguon oy
@ qr T PePAR 9P

=
n iy

o
oy

& ©4CUS 8:3.2017  xavier.lapillonne@meteoswiss.ch = <
a S S > ‘o, N o

i
qp



CALMO project

* Provide an objective methodology for tuning NWP models parameters, based
on work from Bellprat et al, (2012)

» Usage of the GPU version for COSMO-2 and COSMO-1 configurations
 More than 270000 node hours used on PiZ Daint at CSCS
 More than 80TB generated and stored data
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Accuracy of the MM. MM fitting for Tmax with correla  tion coefficient R=0.806 for COSMO-2

Prediction of Tmax [c] in 2013 by Val simulation Vs MetaModel. Based on 3014833 points

8 Mean Bias [MetaModel - simulation] = 0.046 [c]
Rmse = 0.272 [c] : .
S 6l Simulation STD = 0.439 [c]
x Metamodel STD = 0.421 [c]
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COSMO LEPS

Ensemble system from COSMO consortium run at ECMWF

e [ - = x - COSMO-LEPS & COSMO-7 Meteogram 2012.08-30 00 UTC
7 '; ‘7 | \/A\" ‘l n ,k) N | oo W™ Zuerich-Fluntern 47.38N 8.57E 556m (CLEPS 553m / COSMO-7 520m)
L. L4 h o1 o] e - —— Median 25%-75% - -- MinMax —— COSMO-7 —-- OBS
s 7 o\ =, n .
L ¥ T N | NS e
Total Cloud Cover (%)
’I b 7 Sy = SO o
i i B G TTY - s s ®
L3R L4 - T I = = o |
P v N o T o o i =L |
e ; 3 vv( - xr % Ead -t [ 20
- - . B .
VY ] A AT A Ve ™ o
] £ Sl 5
;| N I . v ‘-.. ey " Total Precipitation (mm/3h)
/ ’ 1 16
7 | 2000

v e e § THU 30 FRI 31 SAT 01 SUN 02 MON 03 TUE 04

Man'sep 3052559 UTC 2072/ eooswies SEPTEMBER 2012

Switch to single precision
» 30% gain in BUs
* 30 2 21 minutes; 16 - 20 members
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European-scale multi-year convection-
resolving climate simulations

COSMO Full-GPU-prototype
based on v4.19 (Fuhrer et
al., 2014)

1536x1536x60 grid points,
2.2 km grid spacing,

At = 20s

Period: 1999-2008

Driven by ECMWEF
ERA-Interim reanalysis

Calibration following Bellprat
et al. (2016)

Asymptotic turbulent length
scale from Baldauf et al.
(2011): 60 m

. D. Leutwyler, PhD Thesis, ETHZ, 2016
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Summer convection
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Diurnal Cycle of Vertical Wind on 500 hPa
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JGR, in review
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Peak over threshold, 500 hPa vertical wind, normalized, land-only
=> Increase of vertical wind with higher resolution
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Model development : where are we ?

9 5.5: C++ dycore available for CPU only usage

5.X: Official version with full GPU-capability
Plan : current plan for official release September 2017

5.0+ “POMPA’”
full GPU capable
version

- Operational at MeteoSwiss

-—

4.19: “OPCODE"
Prototype version

Github : git@github.com:C2SM-RCM/cosmo-pompa.git

" MeteoSwiss ) . & CU8832017 xawerIapﬂionne@metebsvvlssch
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) Related projects

« CLAW
CSCS,
IAC (U. Lohmann)

Optimization and performance
portability using directives

https://github.com/C2SM-RCM/claw-compiler

New library to replace STELLA
supporting global models (IFS,
ICON,...) and additional
functions

e GridTools

(PASC)
Collaboration :
CSCS, ECMWEF, RIKEN

« H2020 ESCAPE
ECMWF

Energy-efficient Scalable Algorithms
for Weather Prediction at Exascale

 crClim Climate simulations, ETHZ
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Summary

* About 4x was gained by software refactoring moving to GPUs as compare to
traditional CPUs

« The new code version can be run in single precision

» Several projects already use for
production these new developments

« The GPU branch is being merged to
the official COSMO code and will be
available in 2017.

* Info : training for compiling and using the C++ dycore will be given at the
COSMO/CLM/ICON/ART-Training-Course 2017
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Results

Energy per member

Time with 8 sockets
per member

Cabinets required to run
ensemble at required
time-to-solution

Piz Dora

10 kWh

3.9h

1.4

Piz Kesch Factor

2.1 kWh 4.8 X

1.0 h 3.9 X

0.38 3.8 X
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U Increase of X 40 in computational cost
of operational setup

Key ingredients

« Processor performance (Moore’s law) ~2.8 X
- Code refactoring and port to GPUs ~3.9 X
- Increase utilization of system ~2.8 X
« Increase in number of sockets ~1.3 X
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- Target system architecture to application
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COSMO on GPU
a N O N

Main code : Dynamics:
Fortran + OpenACC > C++/Cuda Dycore
(cosmo-pompa/cosmao/) (cosmo-poma/dycore/)

- RN
1 I

STELLA Library
(separate repository : https://github.com/C2SM-RCM/stella)

 The GPU version requires to compile the 3 components:
STELLA, Dycore and the main Fortran code
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The COSMO model on GPU

« Take advantage of the high computational capacity of GPUs

 Low compute intensity : avoid GPU-CPU data transfer

* Full GPU port strategy : all computations on the GPU

Initialization - CPU
Copy to GPU

~ Prepare step - OpenACC port

Physics - OpenACC port Note :
Interface
Dynamics - STELLA re-write (C++/Cuda) Start replacement of
At Interface Stella with Gridtools

Data assimilation - Mixed OpenACC/CPU in 2017
Halo-update - Communication library (GCL)
Diagnostics - OpenACC port
/10 - Mixed OpenACC/CPU  <—— Transfer to CPU

oJ) on 1/0 step
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